Gradual appearance of a regulated retinotectal projection pattern in Xenopus laevis.
The topographic projection pattern formed by the retinal ganglion cell axons in the tectum of the lower vertebrate appears to require positional cues that guide the optic nerve fibers to their appropriate targets. One approach to understanding these positional cues or "positional information" has been to investigate changes in the pattern of the retinotectal projection after surgical manipulation of the embryonic eyebud. Analysis of these apparent changes in the patterns of positional information in the eye, termed "pattern regulation," may provide clues to both the nature of positional information and the mechanisms by which it is assigned to cells in the eyebud. Here we examine pattern regulation in the Xenopus visual system following the replacement of the temporal half of a right eyebud with the temporal half of a left eyebud. This manipulation requires that the left half-eyebud be inverted along its dorsoventral axis. Electrophysiological maps of these compound eyes in postmetamorphic frogs reveal regulated maps; the cells in the temporal half of the NrTl eye project to the tectum with a dorsoventral polarity appropriate for their position in the host eye and not appropriate for the original positions of the grafted cells in the donor eyebud. Paradoxically, the regulated patterns are not apparent in the projections of the original grafted eyebud cells during early larval development. Using fiber-tracing and electrophysiological mapping techniques, we now show that the regulated patterns appear gradually in the projections made by peripheral retinal cells added during mid-larval development. Because the regulation occurs relatively late in development and probably only in the peripheral retinal cells, simple models of epimorphic or morphallactic regulation do not appear to fit this system. Thus, new or more complex models must be invoked to explain the phenomenon of pattern regulation in the developing visual system of Xenopus.